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PROBLEM TO BE SOLVED: To provide a vibrating device which does not have 
the restriction of a vibration mode to be utilized, does not need a vibration 
damping part, can be mechanically supported with a simple structure and can be 
miniaturized. 

SOLUTION: This composite material vibrating device is provided with a 
piezoelectric element 2 which is made of material having a first acoustic 
impedance value Z1 and functions as a vibration member to be a vibration 
generation source, first and second reflecting layers 3 and 4 which are made of 
material having acoustic impedance Z2 lower than the first acoustic impedance 
Z1 and connected to the both sides of the piezoelectric element 2, and first and 
second holding members 5 and 6 which are connected to the outer sides of the 
reflecting layers 3 and 4 and made of material having an acoustic impedance 
value Z3 larger than the second acoustic impedance Z2, and vibrations 
propagated from the piezoelectric element 2 are reflected at the interfaces 
between the reflecting layers 3 and 4, and the holding members 5 and 6. 
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CLAIMS 
[Claim(s)] 

[Claim 1] It is composite-material rocking equipment with which two or more 
ingredient parts from which an acoustic impedance differs are combined, and is 
the 1st acoustic-impedance value Z1. The oscillating member which consists of 
an ingredient which it has and serves as an oscillating generation source, 1st 
acoustic-impedance value Z1 The 1st and 2nd reflecting layer which consisted of 
an ingredient which has the 2nd low acoustic-impedance value Z2, and was 
connected with the both sides of said oscillating member, Said 2nd acoustic- 
impedance value Z2 3rd big acoustic-impedance value Z3 It consists of an 
ingredient which it has. Composite-material rocking equipment which is equipped 
with the attachment component connected with the opposite side with the side 
with which the oscillating member of said 1st and 2nd reflecting layer is 
connected, and is characterized by being constituted so that vibration spread 
from said oscillating member to the reflecting layer in the interface of said 
reflecting layer and said attachment component may be reflected. 
[Claim 2] Said 2nd acoustic-impedance value Z2 1st acoustic-impedance value 
Z1 The ratio Z2 / Z1 receiving Composite-material rocking equipment according 



to claim 1 which is 0.2 or less. 

[Claim 3] Said 2nd acoustic-impedance value Z2 The 3rd acoustic impedance Z3 
The ratio Z2 / Z3 receiving Composite-material rocking equipment according to 
claim 1 or 2 which is 0.2 or less. 

[Claim 4] Composite-material rocking equipment according to claim 1 to 3 said 
whose oscillating member is an electric machine joint sensing element. 
[Claim 5] Composite-material rocking equipment according to claim 4 said whose 
electric machine joint sensing element is a piezoelectric device or an 
electrostriction component. 

[Claim 6] Composite-material rocking equipment according to claim 1 to 5 with 
which the 3rd reflecting layer, the 2nd oscillating member, the 4th reflecting layer, 
and the 3rd attachment component are connected with the side with which said 
1st and 2nd reflecting layer of said the 1st and/or 2nd attachment component is 
connected in this sequence in the opposite side. 

[Claim 7] It is composite-material rocking equipment with which it comes to 
combine two or more ingredient parts from which an acoustic impedance differs, 
and is the 1 st acoustic-impedance value Z1 . The 1 st and the 2nd oscillating 
member which consist of an ingredient which it has and serve as an oscillating 
generation source, 1st acoustic-impedance value Z1 The reflecting layer which 
consists of an ingredient which has the 2nd low acoustic-impedance value Z2, 
The 2nd acoustic impedance Z2 The 3rd big acoustic impedance Z3 It has the 
attachment component which consists of an ingredient which it has. Each 
vibration which the 1st attachment component, the 1st reflecting layer, the 1st 
oscillating member, the 2nd reflecting layer, the 2nd oscillating member, the 3rd 
reflecting layer, and the 2nd attachment component are connected in this 
sequence, and was generated in the 1st and 2nd oscillating member The 1st or 
3rd reflecting layer, Composite-material rocking equipment reflected in a list 
according to an interface with the 1st or 2nd attachment component by the 
interface with the 2nd oscillating member of said 2nd reflecting layer, or the 1st 
oscillating member. 



[Claim 8] Composite-material rocking equipment according to claim 1 to 7 
constituted when said reflecting layer carries out the laminating of two or more 
ingredient layers from which an acoustic impedance differs. 
[Claim 9] Composite-material rocking equipment according to claim 1 to 8 
characterized by the distance from the interface of a reflecting layer and an 
oscillating member to the interface of a reflecting layer and an attachment 
component being sometimes in the range of n-lambda / 4**lambda / 8 (n being 
odd number) the bottom which set wavelength of vibration when said oscillating 
member vibrates independently to lambda. 

[Claim 1 0] When the direction [ in / for the direction / in / for the direction of 
vibration displacement of said oscillating member /A and an oscillating member/ 
of the propagation of vibration / B and said reflecting layer] of the propagation of 
vibration is set to C, direction A-C is parallel composite-material rocking 
equipment according to claim 5 mutually. 

[Claim 11] Composite-material rocking equipment according to claim 5 which has 
the relation with which Direction A and Direction B are parallel and a relation and 
Direction B and the direction C cross at right angles when the direction A of 
vibration displacement of said oscillating member, the direction B of the 
propagation of vibration in an oscillating member, and the direction of the 
propagation of vibration in a reflecting layer are set to C. 
[Claim 12] Composite-material rocking equipment according to claim 5 which 
Direction A and Direction B lie at right angles, and has Direction B and Direction 
C in parallel when it considers as the direction A of vibration displacement of said 
oscillating member, the direction B of the propagation of vibration in said 
oscillating member, and the direction C of the propagation of vibration in said 
reflecting layer. 

[Claim 13] Composite-material rocking equipment according to claim 5 which has 
the relation to which Direction A and Direction B lie at right angles to, and 
Direction B and Direction C lie at right angles when it considers as the direction A 
of vibration displacement of said oscillating member, the direction B of the 



propagation of vibration in said oscillating member, and the direction C of the 
propagation of vibration in said reflecting layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to composite-material rocking 
equipment using the piezoelectric device and the electrostriction component as 
an oscillating member, concerning composite-material rocking equipment 
equipped with the structure where various oscillating members can be held 
without affecting vibration of this oscillating member. 
[0002] 

[Description of the Prior Art] Conventionally, piezo-electric oscillating components 
are widely used for the resonator, the filter, etc. For example, in the piezo 
resonator, in order to obtain the target resonance frequency, various oscillation 
modes are used. As these oscillation modes, thickness longitudinal oscillation, 
thickness skid vibration, die-length vibration, width-of-face vibration, flare 
vibration, or crookedness vibration is known. 



[0003] In a piezo resonator, maintenance structure changes with classes of 
oscillation mode. Since the piezo resonator of energy ****** type can be 
constituted when thickness longitudinal oscillation and thickness skid vibration 
are used, in the edge of a piezo resonator, a piezo resonator can be held 
mechanically. An example of the piezo resonator using thickness skid vibration of 
this kind of energy ****** type is shown in drawing 33 . In the piezo resonator 201, 
the resonance electrode 203 is formed in the top face of the strip piezo-electric 
plate 202, and the resonance electrode 204 is formed so that the inferior surface 
of tongue of the piezo-electric plate 202 may be countered with the resonance 
electrode 203. The resonance electrode 203,204 has countered in the center of 
the die-length direction of the piezo-electric plate 202, and this opposite part 
constitutes the piezo-electric oscillating section of energy ****** type. Since it is 
energy ****** type, vibration is mostly confined in the piezo-electric oscillating 
section. Therefore, in the piezo-electric resonance electrode 201, it can hold 
mechanically in an edge, without checking vibration of the piezo-electric 
oscillating section. 

[0004] But although vibrational energy is confined in the piezo-electric oscillating 
section, the periodic-damping section of a comparatively big area must consist of 
piezo-electric resonance electrodes 201 of energy ****** type on the outside of 
the piezo-electric oscillating section. In the strip piezo resonator 201 which 
followed, for example, used thickness skid mode, the die-length dimension could 
not but become large. 

[0005] On the other hand, the piezo-electric resonance section of energy ****** 
type cannot consist of piezo resonators using die-length vibration, width-of-face 
vibration, flare vibration, or crookedness vibration. Therefore, since the 
resonance characteristic is not affected, maintenance structure is constituted by 
contacting this metal terminal to the node of vibration of a piezo resonator using 
the metal terminal which has spring nature. 

[0006] On the other hand, the bulk mold acoustic wave filter 21 1 shown in 
drawing 34 is indicated by JP,10-270979,A. The filter consists of bulk mold 



acoustic wave filters 21 1 by carrying out the laminating of two or more film on a 
substrate 212. That is, the piezo-electric layer 213 is formed into this laminated 
structure, the laminating of the electrode 214,215 is carried out to the top face 
and inferior surface of tongue of this piezo-electric layer 213, and the piezo 
resonator is constituted, moreover, the thing done to the inferior surface of 
tongue of this piezo resonator for the laminating of the film, such as silicon and 
polish recon, -- the upper layer 216 and a middle lamella -- the sound mirror 219 
of a laminated structure which consists of 217 and a lower layer 218 is 
constituted, here - a middle lamella - the acoustic impedance of 217 is made 
higher than the acoustic impedance of the upper layer 216 and a lower layer 218. 
It is supposed that the transfer to the substrate 212 of vibration produced by the 
piezo resonator is intercepted by this sound mirror 219. 
[0007] On the other hand, the laminating of the sound mirror 220 constituted 
similarly is carried out above the piezo resonator, and the passivation film 221 is 
formed on this sound mirror 220. The PASSHI **-SHON film 221 is epoxy and 
Si02. Or it consists of other suitable protection nature ingredients. 
[0008] 

[Problem(s) to be Solved by the Invention] In the piezo resonator of the 
conventional energy ****** type, since it was necessary to constitute the periodic- 
damping section on the outside of the piezo-electric oscillating section, although 
it could hold mechanically using adhesives etc., the dimension of a piezo 
resonator 201 could not but become large. 

[0009] On the other hand, in the piezo resonator using the die-length oscillation 
mode or the flare oscillation mode of non-energy ****** type, in the piezo 
resonator of what has the not required periodic-damping section itself, using 
adhesives, solder, etc., immobilization and when it holds, the resonance 
characteristic is spoiled. Therefore, it must support using a spring terminal etc., 
and the supporting structure is complicated and needs many components. 
[0010] The sound mirror 119 which insulates a piezo resonator, this piezo 
resonator, and a substrate acoustically consists of bulk mold acoustic wave filters 



given in JP,10-270979,A by carrying out the laminating of two or more film on a 
substrate 202 as mentioned above. Therefore, a piezo resonator is acoustically 
intercepted by the sound mirror 219 which has a laminated structure to a 
substrate 212, and is supported. 

[001 1] However, with the above-mentioned bulk mold acoustic wave filter 211, 
the laminating of many layers had to be carried out on the substrate 212, the 
layer of the lower sound mirror 219, the laminated structure which constitutes a 
piezo resonator and a piezo-electric filter, and a large number which constitute 
the up sound mirror 220 had to be formed, and the passivation film 221 had to be 
further formed in the topmost part. Therefore, structure was complicated, and 
since it was what is constituted by the laminated structure also about the 
oscillation mode in the piezo resonator to be used, there was constraint. 
[0012] As mentioned above, in order to have supported the sources of vibration, 
such as a piezo resonator, conventionally, without checking the oscillation 
characteristic, there was a problem that there was constraint of the oscillation 
mode, components were enlarged, or structure became complicated. 
[0013] The purpose of this invention cancels the fault of the conventional 
technique mentioned above, and is to offer composite-material rocking 
equipment equipped with the structure which can support various oscillating 
members in the mode, without having most effects on the oscillation 
characteristic of this oscillating member with comparatively easy structure. 
[0014] 

[Means for Solving the Problem] It is composite-material rocking equipment with 
which two or more ingredient parts from which an acoustic impedance differs are 
combined according to the large aspect of affairs of this invention, and is the 1st 
acoustic-impedance value Z1 . The oscillating member which consists of an 
ingredient which it has and serves as an oscillating generation source, 1st 
acoustic-impedance value Z1 2nd low acoustic-impedance value Z2 The 1st and 
2nd reflecting layer which consisted of an ingredient which it has and was 
connected with the both sides of said oscillating member, Said 2nd acoustic- 



impedance value Z2 3rd big acoustic-impedance value Z3 It consists of an 
ingredient which it has. With the side with which the oscillating member of said 
1st and 2nd reflecting layer is connected, it has the attachment component 
connected with the opposite side, and the composite-material rocking equipment 
constituted so that vibration spread from said oscillating member to the reflecting 
layer in the interface of said reflecting layer and said attachment component may 
be reflected is offered. 

[0015] At the specific aspect of affairs of this invention, it is said 2nd acoustic- 
impedance value Z2. 1st acoustic-impedance value Z1 The ratio Z2 / Z1 
receiving More preferably is taken or less for 0.1 0.2 or less. 
[0016] At another specific aspect of affairs of this invention, it is said 2nd 
acoustic-impedance value Z2. The 3rd acoustic impedance Z3 The ratio Z2 / Z3 
receiving It can take 0.1 or less more preferably 0.2 or less. 
[0017] On a restrictive aspect of affairs with this invention, an electric machine 
joint sensing element is used as the above-mentioned oscillating member, and a 
piezoelectric device or an electrostriction component is used as this electric 
machine joint sensing element on a more restrictive aspect of affairs. 
[0018] In other specific aspects of affairs of this invention, the 3rd reflecting layer, 
the 2nd oscillating member, the 4th reflecting layer, and the 3rd attachment 
component are connected with the side with which said 1st and 2nd reflecting 
layer of said the 1st and/or 2nd attachment component is connected in this 
sequence in the opposite side. 

[0019] According to another large aspect of affairs of this invention, it is 
composite-material rocking equipment with which it comes to combine two or 
more ingredient parts from which an acoustic impedance differs. The 1st and the 
2nd oscillating member which consist of an ingredient which has the 1st acoustic- 
impedance value Z1, and serve as an oscillating generation source, 1st acoustic- 
impedance value Z1 2nd low acoustic-impedance value Z2 The reflecting layer 
which consists of an ingredient which it has, The 2nd acoustic impedance Z2 The 
3rd big acoustic impedance Z3 It has the attachment component which consists 



of an ingredient which it has. Each vibration which the 1st attachment component, 
the 1st reflecting layer, the 1st oscillating member, the 2nd reflecting layer, the 
2nd oscillating member, the 3rd reflecting layer, and the 2nd attachment 
component are connected in this sequence, and was generated in the 1st and 
2nd oscillating member The 1st or 3rd reflecting layer, According to an interface 
with the 1st or 2nd attachment component, the composite-material rocking 
equipment reflected in a list according to an interface with the 2nd oscillating 
member of said 2nd reflecting layer or the 1st oscillating member is offered. 
[0020] Said reflecting layer consists of other specific aspects of affairs of this 
invention by carrying out the laminating of two or more ingredient layers from 
which an acoustic impedance differs. When wavelength of vibration when said 
oscillating member vibrates independently is set to lambda and carried out, the 
distance from the interface of a reflecting layer and an oscillating member to the 
interface of a reflecting layer and an attachment component consists of another 
specific aspects of affairs of this invention, as it is in the range of n-lambda / 
4**lambda / 8 (n is odd number). 

[0021] In the composite-material rocking equipment concerning this invention, 
when it considers as the direction A of vibration displacement of an oscillating 
member, the direction B of the propagation of vibration in an oscillating member, 
and the direction C of the propagation of vibration in a reflecting layer, about 
direction A-C, it can put together variously. For example, direction A-C may be 
mutually parallel. Moreover, Direction A and Direction B are parallel and you may 
have the relation a relation and Direction B and the direction C cross at right 
angles. Furthermore, Direction A and Direction B lie at right angles, and Direction 
B and Direction C may be parallel. Moreover, Direction A and Direction B lie at 
right angles, and Direction B and Direction C may lie at right angles. 
[0022] 

[Embodiment of the Invention] Hereafter, by explaining the concrete example of 
this invention explains this invention to a detail more, referring to a drawing. 
[0023] Drawing 1 (a) and (b) are the perspective views and drawings of 



longitudinal section showing the piezo resonator as composite-material rocking 
equipment concerning one example of this invention. A piezo resonator 1 has the 
strip piezoelectric device 2 as an oscillating member, the reflecting layers 3 and 4 
connected with the die-length direction both ends of a piezoelectric device 2, and 
the attachment components 5 and 6 connected with the outside of reflecting 
layers 3 and 4. 

[0024] A piezoelectric device 2 consists of lead titanate system ceramics, and is 
the acoustic impedance Z1. It is 3.4x1 07kg/(m2ands). Polarization processing of 
the piezoelectric device 2 is carried out in the direction of arrow-head P, i.e., the 
die-length direction. 

[0025] A piezoelectric device 2 has a strip configuration and a top face, an 
inferior surface of tongue, and the side face of a pair have a rectangular 
configuration. In other words, a piezoelectric device 2 has a square bar-like 
configuration. The excitation electrodes 7 and 8 are formed in end-face 2a of the 
pair which a piezoelectric device 2 counters for each other, and 2b. A 
piezoelectric device 2 vibrates by impressing alternating voltage from the 
excitation electrodes 7 and 8 in the die-length mode which makes end-face 2a 
and 2b the die-length direction. That is, a piezoelectric device 2 is a piezo-electric 
resonant element using die-length mode. In the piezo resonator 1, the terminal 
electrodes 9 and 10 are formed in the top face of a piezo resonator 1 so that it 
may connect with the excitation electrodes 7 and 8 electrically. The terminal 
electrodes 9 and 10 are formed so that it may result in the outside end faces 5a 
and 6a of not only the top face of a piezo resonator 1 but the attachment 
components 5 and 6 which are end faces. Therefore, a surface mount can be 
easily carried out to a printed circuit board etc. using the terminal electrodes 9 
and 10. Reflecting layers 3 and 4 are constituted from this example by the epoxy 
resin whose acoustic impedance is 1.87x106kg/(m2ands). Moreover, attachment 
components 5 and 6 are constituted by the ceramics which consists of ceramics 
whose acoustic impedance is 3.4x1 07kg/(m2ands). 
[0026] Since the propagation of vibration is the die-length direction and is a 



direction parallel to the direction P of polarization, the piezo-electric resonant 
element using die-length mode cannot usually be supported in end-face 2a and 
2b, without affecting vibration. 

[0027] In this example, since it has reflecting layers 3 and 4 and attachment 
components 5 and 6, it is supposed that it is possible to support a piezo 
resonator 1, without affecting the oscillation characteristic of the piezoelectric 
device 2 using die-length mode. This is explained with reference to drawing 2 - 
drawing 5 . In addition, die length shall say the dimension which meets in the die- 
length direction of a piezo resonator 1 to below. 

[0028] Die-length L1 =0.98mm of a piezoelectric device 2, resonator frequency 
F1 =2MHz, die-length L2 =0.25mm of reflecting layers 3 and 4, the die length of 
attachment components 5 and 6 = the displacement condition of the above- 
mentioned piezo resonator 1 was analyzed with the finite element method as 
0.4mm. A result is shown in drawing 2 . 

[0029] In attachment components 5 and 6, a variation rate has hardly arisen so 
that clearly from drawing 2 . Therefore, it turns out using attachment components 
5 and 6 that a piezo resonator 1 can be supported, without affecting the 
resonance characteristic of a piezoelectric device 2. This is the acoustic 
impedance Z2 of reflecting layers 3 and 4. Acoustic impedance Z1 of a 
piezoelectric device 2 It is low and is the acoustic impedance Z3 of attachment 
components 5 and 6. Since it is low, vibration spread from the piezoelectric 
device 2 in the interfaces A and B of reflecting layers 3 and 4 and attachment 
components 5 and 6 is reflected, and it thinks for vibration to hardly spread to 
attachment components 5 and 6. 

[0030] When invention-in-this-application persons change various ingredients 
which constitute the piezoelectric device 2 in a piezo resonator 1, reflecting 
layers 3 and 4, and attachment components 5 and 6 in view of the result of a 
piezo resonator 1, and these dimensions and an experiment is repeated, as 
mentioned above Acoustic impedance Z2 of the 1st and 2nd reflecting layer 3 
and 4 Acoustic impedance Z1 of a piezoelectric device 2 And acoustic 



impedance Z3 of attachment components 5 and 6 If it is made small It found out 
that propagation of the vibration from the piezoelectric device 2 to attachment 
components 5 and 6 could be mostly controlled like the above-mentioned 
example. This is explained based on the concrete example of an experiment, 
referring to drawing 4 and drawing 5 . 

[0031] Drawing 4 shows the impedance-frequency characteristics and phase- 
frequency characteristics at the time of constituting a piezo resonator 1 from a 
following specification. In addition, a continuous line shows phase-frequency 
characteristics and a broken line shows impedance-frequency characteristics, 
moreover, NE+On of the axis of ordinate of drawing 4 and drawing 5 , and an 
axis of abscissa ~ Nx1 On it is -- things - being shown -- for example, 1 E+02 -- 
1x102 it is . 

[0032] Specification ** piezoelectric device 2 of a piezo resonator 1 - The lead 
titanate system ceramics which is acoustic-impedance Z1 = 3.4x1 07kg/(m2ands) 
constitutes. Die-length dimension L1 =41 2mm, resonator periphery 5.4MHZ** 
reflecting layers 3 and 4 - The epoxy resin of acoustic-impedance Z2 = 
1.87x106kg/(m2ands) constitutes. Die-length dimension L2 = 0.07mm** 
attachment components 5 and 6 - The lead titanate system ceramics of 
acoustic-impedance Z3 = 3.4x1 07kg/(m2ands) constitutes, the die-length 
dimension L -- in addition, the crosswise dimension in a piezo resonator 1 was 
set to 250mm 3 = 300mm, and thickness was set to 200mm. 
[0033] Moreover, electroconductive glue 12 was used for the substrate 1 1, it 
joined to it, and the above-mentioned piezo resonator 1 was fixed to it, as shown 
in drawing 3 . In addition, junction by electroconductive glue 12 is performed so 
that the space for not barring vibration between the inferior surface of tongue of a 
piezoelectric device 2 and the top face of a substrate 1 1 may be secured by 
immobilization by electroconductive glue 12. 

[0034] Moreover, electroconductive glue 12 has joined the above-mentioned 
terminal electrodes 9 and 10 and the electrodes 13 and 14 on a substrate 11, 
and electroconductive glue 12 has not adhered to a piezoelectric device 2 and 



reflecting layers 3 and 4. 

[0035] The frequency characteristics of the piezo resonator 1 after being 
mounted in the substrate 1 1 are shown in drawing 5 . Also in drawing 5 , a 
broken line shows impedance-frequency characteristics and a continuous line 
shows phase-frequency characteristics. 

[0036] If drawing 4 is compared with drawing 5 , it turns out that the frequency 
characteristics of piezo-resonator 1 the very thing and the frequency 
characteristics of the piezo resonator 1 after being fixed to the substrate 1 1 
hardly change so that clearly. That is, even if it fixes a piezo resonator 1 
mechanically in attachment components 5 and 6, it turns out that the resonance 
characteristic of a piezoelectric device 2 is not spoiled. 
[0037] In the piezo resonator 1 as composite-material rocking equipment 
constituted according to this invention, by forming reflecting layers 3 and 4 in the 
both sides of the piezoelectric device 2 as an oscillating member, and connecting 
attachment components 5 and 6 with the outside of reflecting layers 3 and 4 
shows that a piezo resonator 1 can be supported, without barring vibration of a 
piezoelectric device 2 so that clearly from drawing 1 - drawing 5 . When drawing 
6 R> 6 shows this comprehensively, reflecting layers 22 and 23 are connected so 
that the vibration from the oscillating member 21 may spread on both sides of the 
oscillating member 21 as the source of vibration, and the composite-material 
rocking equipment concerning this invention is equivalent to the structure which 
connected attachment components 24 and 25 with the outside of these reflecting 
layers 22 and 23. In this case, it is the acoustic impedance Z2 of reflecting layers 
22 and 23 as mentioned above. Acoustic impedance Z1 of the oscillating 
member 21 And acoustic impedance Z3 of attachment components 24 and 25 By 
making it small, composite-material rocking equipment 20 can be mechanically 
supported in attachment components 24 and 25 like the above-mentioned 
example, without affecting the oscillation characteristic of the oscillating member 
21. 

[0038] Namely, although the piezoelectric device 2 was used as an oscillating 



member in the above-mentioned example It sets to this invention and is 
impedance value Z1 -Z3 of the oscillating member 21, reflecting layers 22 and 23, 
and attachment components 24 and 25. As long as the above-mentioned relation 
may be filled in between, like the above-mentioned example Reflecting layers 22 
and 23, Since vibration spread in an interface with attachment components 24 
and 25 can be reflected, it is not limited especially about the oscillating member 
21. That is, the member which generates an electrostriction component besides 
a piezoelectric device 2 and other various vibration as an oscillating member 21 
can be used widely. 

[0039] Moreover, it is not limited especially about the ingredient which constitutes 
the ingredient which constitutes reflecting layers 22 and 23, and attachment 
components 24 and 25, either, and the ingredient of arbitration can be used as 
long as the relation of the above-mentioned acoustic-impedance value is filled. 
[0040] In the above-mentioned piezo resonator 1, invention-in-this-application 
persons changed various ingredients which constitute a reflecting layer, and 
measured each rate of change of the resonance frequency of a piezo resonator 1, 
and bandwidth. A result is shown in drawing 7 and drawing 8 . Various epoxy 
resins which constitute here the ceramics which constitutes a piezoelectric 
device 2, and reflecting layers 3 and 4 are changed, and it is an acoustic 
impedance Z2. The standardized value Z2, i.e., a ratio, / Z1 It was made to differ 
variously and resonance frequency rate of change (%) and fractional-bandwidth 
rate of change (%) were measured. 

[0041] clear from drawing 7 and drawing 8 -- obtaining -- the acoustic-impedance 
ratio Z2 / Z1 Or less in 0.1 , it turns out preferably that the rate of change of 
resonance frequency is very as small as 0.2% or less, and it is as low as 0.01 % 
or less at 0.1 or less 0.2 or less. Similarly, it is the acoustic-impedance ratio Z2 / 
Z1 also about fractional-bandwidth rate of change. It turns out that it becomes or 
less by 0.2 and becomes -8% or less or less by 0.1 -15% or less. 
[0042] Therefore, it is the acoustic-impedance ratio Z2 / Z1 preferably. More 
preferably is taken or less for 0.1 0.2 or less. Moreover, the ingredient which 



constitutes reflecting layers 3 and 4 and attachment components 5 and 6 is 
changed, and invention-in-this-application persons are the acoustic-impedance 
ratio Z2 / Z3. It was made to differ variously and the frequency rate of change (%) 
and fractional-bandwidth rate of change (%) of a piezo resonator 1 were 
measured similarly. A result is shown in drawing 9 and drawing 10 . 
[0043] It is the acoustic-impedance ratio Z2 / Z3 so that clearly from drawing 9 
and drawing 10 . By carrying out to 0.2 or less, when frequency rate of change 
carries out and fractional band width carries out to further 0.1 or less -7% or less 
0.2% or less shows that fractional band width can be made into -6% or less 
0.05% or less. Therefore, the acoustic-impedance ratio Z2 / Z3 Are preferably 
taken or less for 0.1 0.2 or less. 

[0044] Moreover, the acoustic-impedance ratio Z2 / Z1 It was made to change 
and the rate of resonance frequency and fractional-bandwidth rate of change of a 
piezo resonator 1 were measured. A result is shown in drawing 1 1 and drawing 
12 . It is an acoustic impedance Z2 by blending with an epoxy resin, the ceramics, 
or these the powder which has other acoustic-impedance values in drawing 1 1 
R> 1 and drawing 12 as an ingredient which constitutes reflecting layers 3 and 4 
etc. Acoustic impedance Z1 It is changing from 1/128 in the range of arbitration. 
[0045] In addition, the axis of abscissa in drawing 11 and drawing 12 serves as 
the die-length direction dimension (dimension which meets in the die-length 
direction of a piezo resonator 1) of reflecting layers 3 and 4. If it is put in another 
way as the die-length direction dimension of reflecting layers 3 and 4, it will be 
the dimension of the direction which connects the reflecting layer side connected 
with the piezoelectric device 2 as an oscillating member, and the reflecting layer 
side connected with the oscillating members 5 and 6, i.e., the dimension of the 
direction where vibration spreads a reflector. 

[0046] It is the acoustic-impedance ratio Z2 / Z1 so that clearly from drawing 1 1 
and drawing 12 . Still smaller, 1/32 or less, even if it changes the die-length 
dimension of reflecting layers 3 and 4 a little from lambda/4 the case of 1/64 or 
less more preferably, it turns out that frequency rate of change and fractional- 



bandwidth rate of change are seldom changed. Therefore, it is Z2 / Z1 preferably. 
By carrying out to 1/64 or less more preferably shows that there is little constraint 
of the die-length direction dimension of reflecting layers 3 and 4 1/32 or less. 
[0047] But it is Z2 / Z1 so that clearly from drawing 1 1 and drawing 12 . When the 
die-length dimensions of reflecting layers 3 and 4 are lambda/4 and its near 
regardless of a value, the frequency rate of change and fractional-band-width 
rate of change of a piezo resonator 1 become very small. 
[0048] Moreover, the relation between the thickness of the above-mentioned 
reflecting layers 3 and 4, frequency rate of change, and fractional-bandwidth rate 
of change was investigated covering the larger thickness of reflecting layers 3 
and 4. Each is shown for a result in drawing 13 and 14. Therefore, a reflecting 
layer 3 and 4 die-length dimension are made into the range of n-lambda / 4** 
(lambda/8) (n is odd number), and let them more preferably be lambda/4 and its 
near so that clearly from drawing 1 1 - drawing 14 . 

[0049] Drawing 15 (a) and (b) are the perspective views and partial notching 
drawings of longitudinal section showing the piezo resonator as composite- 
material rocking equipment of the 2nd example of this invention. A piezo 
resonator 31 has the piezoelectric device 32 of the shape of a strip or a square 
bar. A piezoelectric device 32 is a piezoelectric device using the 6 time wave in 
die-length mode. The piezo resonator 31 of this example is constituted like the 
piezo resonator 1 of the 1st example, if it removes that the electrode structures 
for exciting a piezoelectric device 32 in having used the piezoelectric device 32 
instead of the piezoelectric device 2 and a list differ. 

[0050] The piezoelectric device 32 is constituted from this example by the titanic- 
acid lead zirconate system electrostrictive ceramics of acoustic-impedance value 
[of 2.6x1 07kg ]/(m2ands). 

[0051] In the piezoelectric device 32, in order to excite the 6 time wave in die- 
length mode, the excitation electrodes 32a-32f of six sheets prolonged in the 
direction of the cross section of a piezoelectric device 32 are formed, in other 
words, a five-layer piezo-electric layer exists in excitation electrode 32a-23f ~ as 



- the excitation electrode 32 - it is formed so that a-32f may be mutually located 
in the direction of the cross section of a piezo resonator 32 in parallel. Moreover, 
polarization of the five-layer piezo-electric layer is uniformly carried out in the die- 
length direction. 

[0052] The terminal electrode 37 is formed in the top face of a piezo resonator 31 
so that it may connect with the excitation electrodes 32a, 32c, and 32e 
electrically. The terminal electrode 38 is formed in the inferior surface of tongue 
of a piezo resonator 31 , and it connects with the excitation electrodes 32b, 32d, 
and 32f electrically. 

[0053] In addition, in order to aim at the electric insulation with the excitation 
electrodes 32b, 32d, and 32f and the terminal electrode 37, the insulating 
ingredients 39a-39c are given to excitation electrodes [ 32b 32d, and 32f ] upper 
limit. Similarly, in order to achieve the electric insulation with the excitation 
electrodes 32a, 32c, and 32e and the terminal electrode 38, the insulating 
ingredients 39d-39f are arranged in the lower limit of the excitation electrodes 
32a, 32c, and 32e. 

[0054] reflecting layers 33 and 34 are located in the die-length direction both 
ends of a piezoelectric device 32 - having - **** - an acoustic-impedance ratio - 

- it is constituted by the epoxy resin used as Z2/Z1 =1/16. 

[0055] the outside of reflecting layers 33 and 34 - an acoustic-impedance ratio - 
the attachment components 35 and 36 which consist of titanic-acid lead zirconate 
system ceramics used as Z2/Z3 =1/16 are connected. 
[0056] In addition, the terminal electrodes 37 and 38 are formed so that it may 
result in the end face 35a and 36a which a piezo resonator 31 counters for each 
other, i.e., the outside end faces of attachment components 35 and 36. Also in 
this example, reflecting layers 33 and 34 and the cross-section configuration of 
attachment components 35 and 36 are made the same as that of a piezoelectric 
device 32. Therefore, a piezo resonator 31 has a square bar-like configuration. 
[0057] Like the 2nd example, the piezoelectric device 32 as an oscillating 
member may use the higher harmonic in die-length mode. The impedance- 



frequency characteristics and phase-frequency characteristics of a piezo 
resonator 31 are shown in drawing 17 . Moreover, as shown in drawing 16 R> 6, 
electroconductive glue 42 and 43 is used for a piezo resonator 31 on the 
mounting substrate 41, and impedance-frequency characteristics and phase- 
frequency characteristics junction and after fixing are shown in drawing 18 R> 8. 
In drawing 17 and drawing 18 , a continuous line shows phase-frequency 
characteristics and a broken line shows impedance-frequency characteristics, 
respectively. 

[0058] Also in the 2nd example, it turns out that the property before being 
mounted in the mounting substrate 41 (namely, piezo-resonator 31 simple 
substance), and the property after being mounted in the mounting substrate 41 
hardly change so that clearly from the comparison of drawing 17 and drawing 18 . 
[0059] Therefore, also in the 2nd example, in attachment components 35 and 36, 
even if it holds a piezo resonator 31 mechanically, it turns out that effect hardly 
arises in the resonance characteristic of a piezoelectric device 32. 
[0060] In addition, as shown to drawing 19 in a decomposition perspective view, 
two or more piezo resonators 31 may be joined through the insulating adhesives 
51 and 52, and the mounting substrate 53 top may be mounted. It connects 
electrically so that two piezo resonators 31 and 31 may be joined and a filter 
circuit may be constituted from structure shown in drawing 19 . The electrical 
installation between two piezo resonators 31 is achieved with the electric 
conduction patterns 54a-54d formed on the mounting substrate 53. Moreover, 
the metal cap 55 is fixed on the mounting substrate 53. The metal cap 55 is fixed 
to the mounting substrate 53 using insulating adhesives so that piezo resonators 
31 and 31 may be surrounded and closed. The composite-material rocking 
equipment applied to this invention like the filter components shown in drawing 
19 is applicable not only to a piezo resonator but a filter. 
[0061] Drawing 20 is the perspective view showing the piezo resonator 
concerning the 3rd example of this invention. A piezo resonator 61 has the 
piezoelectric device 62 using thickness skid mode. A piezoelectric device 62 has 



the rectangle tabular configuration which consists of electrostrictive ceramics in 
this example, the excitation electrode 63 is formed in a top face, and the 
excitation electrode 64 is formed in the inferior surface of tongue. Polarization 
processing of the piezoelectric device 62 is carried out in the die-length direction. 
A piezoelectric device 62 is excited in thickness skid mode by impressing 
alternating voltage from the excitation electrodes 63 and 64. 
[0062] In addition, it differs in the piezo resonator 201 (refer to drawing 33 ) using 
the conventional thickness skid mode of energy ****** type, and the excitation 
electrodes 63 and 64 are formed all over the top face and the inferior surface of 
tongue in the piezoelectric device 62. Therefore, a piezoelectric device 62 is not 
a piezo resonator of energy ****** type. 

[0063] But reflecting layers 65 and 66 and attachment components 67 and 68 are 
connected with the die-length direction both sides of a piezoelectric device 62 
like the 1st example. In addition, the dimension of the direction to which the 
thickness 62, i.e., the piezoelectric device, and the attachment components 67 
and 68 of reflecting layers 65 and 66 are connected is set to abbreviation lambda 
/ 4 when wavelength of spread vibration is set to lambda. And the resonance 
electrodes 63 and 64 are put in a row by the terminal electrodes 69 and 70. The 
terminal electrodes 70 and 69 are formed so that it may result in the end face 
67a and 68a of a piezo resonator 62, i.e., the outside end faces of attachment 
components 67 and 68. 

[0064] Although a piezoelectric device 62 is not energy ****** type, reflecting 
layers 65 and 66 and attachment components 67 and 68 consist of piezo 
resonators 61 of this example like the 1st example. Moreover, acoustic- 
impedance value Z1 of a piezoelectric device 62 Acoustic-impedance value Z2 of 
reflecting layers 65 and 66 Acoustic-impedance value Z3 of attachment 
components 67 and 68 Since it is chosen like the 1st example, vibration spread 
in the die-length direction from the piezoelectric device 62 is reflected by the 
interface of reflecting layers 65 and 66 and attachment components 67 and 68. 
Therefore, even if it supports mechanically by attachment components 67 and 68 



like the 1st example, effect hardly arises in the resonance characteristic of a 
piezoelectric device 62. Thus, even if it is the case where thickness skid mode is 
used, by using this invention, the periodic-damping section can be lost and the 
miniaturization of the piezo resonator using thickness skid mode can be attained. 
[0065] That is, about by lambda/4, since the thickness (dimension which meets in 
the die-length direction of resonance 61) of reflecting layers 65 and 66 is good, it 
does not need the big periodic-damping section like the piezo resonator 201 of 
the conventional energy ****** type. Moreover, the attachment components 67 
and 68 of the dimension which meets in the die-length direction of the piezo 
resonator 61 may be very small, and since what is necessary is just to constitute 
the above-mentioned reflector, a piezo resonator 61 can make the die-length 
dimension small compared with a piezo resonator 201. 
[0066] The frequency characteristics of the piezo resonator 61 of this example 
and the frequency characteristics in the condition of having used 
electroconductive glue 72 and 73 and having fixed the piezo resonator 61 on the 
mounting substrate 71 as shown in a list at drawing 21 hardly changed. Although 
the broken line of drawing 22 shows impedance-frequency characteristics, a 
continuous line shows phase-frequency characteristics and the property after 
being mounted in the mounting substrate 71 is shown by drawing 22 , illustration 
is omitted in order for the property before mounting to hardly change, either. 
About the piezo resonator as composite-material rocking equipment concerning 
this invention, especially the oscillation mode of not only the thing using the 
oscillation mode used in the 1st - the 3rd example but the piezoelectric device as 
an oscillating member is not limited. 

[0067] Drawing 23 is the schematic-drawing-sectional view showing the 
modification of the piezo resonator as composite-material rocking equipment 
concerning this invention. In the piezo resonator 81 shown in drawing 23 , the 
rectangle tabular piezoelectric device 82 using thickness longitudinal oscillation is 
used. The excitation electrodes 83 and 84 are formed in the top face and inferior 
surface of tongue of a piezoelectric device 82 so that it may counter through a 



piezoelectric device 82. The laminating of the ceramic plates 87 and 88 as an 
attachment component is carried out to the top face and inferior surface of 
tongue of a piezoelectric device 82 through reflecting layers 85 and 86. Moreover, 
the terminal electrodes 89 and 90 electrically connected to the excitation 
electrodes 83 and 84 are formed in the outside surface of a piezo resonator 81 , 
respectively. 

[0068] Like a piezoelectric device 82, the piezoelectric device using thickness 
longitudinal-oscillation mode may be used as an oscillating member in this 
invention. Moreover, the laminating of reflecting layers 83 and 84 and the 
attachment components 87 and 88 may be carried out to the upper and lower 
sides of a piezoelectric device 82 like a piezo resonator 81 . 
[0069] Furthermore, this invention is applicable also to the piezo resonator using 
the thickness longitudinal-oscillation mode of a laminating mold like the piezo 
resonator 91 shown in drawing 24 . Here, in addition to the excitation electrodes 
93 and 94, a piezoelectric device 92 has the internal electrodes 95 and 96 
constituted in the piezoelectric device 92. Therefore, the piezoelectric device 92 
using the higher harmonic of thickness longitudinal oscillation is constituted. The 
laminating of reflecting layers 83 and 84 and the attachment components 87 and 
88 is carried out to the upper and lower sides of a piezoelectric device 92 like the 
piezo resonator 81. 

[0070] Moreover, in the composite-material rocking equipment in this invention, 
when the direction [ in / for the direction / in / for the oscillating direction of an 
oscillating member / A and an oscillating member / of the propagation of vibration 
/ B and a reflecting layer ] of the propagation of vibration is set to C, the 
combination of Direction A - Direction C may deform suitably. 
[0071] That is, like the piezo resonators 101-103 shown in drawing 25 (a) - (c), 
Direction A and Direction B are parallel, and it may be arranged so that Direction 
B and Direction C may intersect perpendicularly, in addition, the piezo resonator 
for which drawing 25 (a) - (c) all used die-length vibration - it is - each 
piezoelectric devices 101a, 101b, and 101c- polarization processing is carried 



out in the direction of an arrow head of illustration, respectively. Moreover, as for 
a reflecting layer and 104b, 104a shows an attachment component. 
[0072] That is, in this invention, a reflecting layer may be perpendicularly 
arranged to the direction of the propagation of vibration in an oscillating member. 
The result of having analyzed the displacement distribution by the finite element 
method of such structure is shown in drawing 26 . At drawing 26 , it is the 
acoustic-impedance value Z1 as an oscillating member. It consists of 
electrostrictive ceramics of 3.0x1 07kg/(m2ands), and is die length L1. The 
piezoelectric device 106 using the die-length mode in which 0.98mm and a 
resonator frequency are 2MHz is constituted. The reflecting layer 107,108 is 
arranged in the side face of this piezoelectric device 106, i.e., the direction which 
intersects perpendicularly to the direction of the propagation of vibration of a 
piezoelectric device 106. A reflecting layer 107,108 is the acoustic-impedance 
value Z2. 1.87x106kg/(m2ands) and thickness (dimension of the direction from 
the interface of a piezoelectric device 106 and a reflecting layer 107,108 to the 
field of the opposite side of a reflecting layer 107,108) are set to 0.15mm. An 
attachment component 109,1 10 consists of titanic-acid lead zirconate system 
ceramics of acoustic-impedance Z3 = 3.0x1 07kg/(m2ands), and is connected 
with the above-mentioned reflecting layer 107,108. 

[0073] Also in a piezo resonator 105, it turns out that vibration is hardly revealed 
to an attachment component 109,1 10 so that clearly from drawing 26 . Therefore, 
in the composite-material rocking equipment concerning this invention, the 
reflecting layer may be connected in the direction which intersects 
perpendicularly to the direction of the propagation of vibration in an oscillating 
member. Such an example is embodied in the piezo resonators 101-103 shown 
in drawing 25 (a) - (c) mentioned above. 

[0074] Moreover, a reflecting layer 1 13,1 14 may be arranged in the direction of 
the propagation of vibration (parallel to the direction of polarization shown by the 
arrow head) of the piezoelectric devices 111a and 1 12a which used thickness 
longitudinal-oscillation mode like the piezo resonator 111,112 shown in drawing 



27 (a) and (b) in schematic drawing, and the direction which intersects 
perpendicularly. In addition, piezoelectric-device 112a shown in drawing 2727 (b) 
is a piezo-electric resonant element using the thickness longitudinal oscillation of 
the laminating mold which has an internal electrode. 

[0075] In drawing 27 (a) and (b), the reflecting layer 113,114 is arranged at the 
both sides using thickness longitudinal oscillation of piezoelectric devices 111a 
and 112a in the direction of the propagation of vibration in piezoelectric devices 
1 11a and 1 12a, and the direction which intersects perpendicularly. Moreover, as 
for the field where the reflecting layer 113,114 is combined with piezoelectric 
devices 111a and 1 12a, the attachment component 1 15,1 16 is connected with 
the field of the opposite side. 

[0076] Furthermore, like the piezo resonator 117 shown in drawing 28 with the 
composite-material rocking equipment concerning this invention, the direction of 
vibration displacement in an oscillating member and the direction of the 
propagation of vibration in an oscillating member may intersect perpendicularly, 
and the direction of the propagation of vibration in an oscillating member and the 
direction of the propagation of vibration in a reflecting layer may be parallel. In 
the piezo resonator 117, it has piezoelectric-device 117a. Piezoelectric-device 
1 17a has the structure which formed the excitation electrode 1 18,1 19 in both the 
principal planes of electrostrictive ceramics, and polarization processing is 
carried out in the space-**** direction in drawing 28 . Therefore, piezoelectric- 
device 1 17a is a piezoelectric device using the thickness twist oscillation mode. 
The reflecting layer 1 13,1 14 and the attachment component 1 15,1 16 are 
connected with the outside of this piezoelectric-device 1 17a. 
[0077] So that clearly from drawing 25 - drawing 28 , and below-mentioned 
drawing 30 (a) - (c) The direction [ in / on this invention and / the direction of 
vibration displacement of an oscillating member, and an oscillating member] of 
the propagation of vibration, It can constitute in a relation with various directions 
of the propagation of vibration in a reflecting layer. Acoustic-impedance Z1 -Z3 
which was mentioned above in any case As long as the above-mentioned 



specific relation is filled, in an attachment component, a piezo resonator can be 
mechanically held like the 1st example, without affecting the resonance 
characteristic of a piezoelectric device. 

[0078] Moreover, this invention is applicable also to the resonator and filter, for 
example, the surface wave equipment, of the others using the piezo-electric 
effect. Drawing 29 is the top view showing the surface wave resonator as the 4th 
example of the composite-material rocking equipment concerning this invention. 
In the surface-wave resonator 121, 1st and 2nd 

INTADEJITARUTORANSUDEYUSA (IDT) 123,124 is separated and arranged in 
surface-wave propagation on the rectangle tabular piezo-electric substrate 122. 
And the 1st and 2nd reflecting layer 125,126 is combined with the surface wave 
propagation outside of the piezo-electric plate 122, and the attachment 
component 127,128 which becomes the outside of a reflecting layer 125,126 
from a ceramic plate is connected. Here, they are the acoustic-impedance value 
Z1 of the piezo-electric plate 122, and the acoustic-impedance value Z2 of a 
reflecting layer 125,126. And acoustic impedance Z3 of an attachment 
component 127,128 Since it is chosen like the 1st example, a surface wave is 
reflected and it can be made to operate as a surface wave resonator by the 
interface with the attachment component 127,128 of a reflecting layer 125,126. 
Therefore, since a reflector is omissible, the miniaturization of a surface wave 
resonator can be attained. 

[0079] Drawing 30 (a) The piezo resonators 131-133 shown in - (c) are each 
schematic-drawing-sectional view showing the piezo resonator which has the 
relation a relation and the direction A of vibration displacement of an oscillating 
member, the direction B of the propagation of vibration in an oscillating member, 
and the direction C of the propagation of vibration in a reflecting layer cross at 
right angles mutually, respectively. 

[0080] In the piezo resonator 131 , the piezoelectric device 134 using thickness 
skid mode is used. Here, although polarization processing of the piezoelectric 
device 134 is carried out in the direction of an arrow head of illustration, it has the 



excitation electrode 135,136 and the direction A of vibration displacement also 
has a component parallel to an excitation electrode, a perpendicular component 
also becomes a certain thing and the direction B of the propagation of vibration in 
a piezoelectric device 134 is made into the direction parallel to the excitation 
electrode 135,136. On the other hand, the reflecting layer 137,138 is connected 
with the inferior surface of tongue of a piezoelectric device 134, and the direction 
of the propagation of vibration in this reflecting layer 137,138 lies at right angles 
to the direction of the propagation of vibration in a piezoelectric device 134. 
Attachment components 139a and 139b are connected with the field connected 
with the piezoelectric device 134 of a reflecting layer 137,138, and the field of the 
opposite side. 

[0081] In drawing 30 (b), the attachment component 140 is used, and this 
attachment component 140 connects the attachment components 139a and 139b 
of drawing 30 (a), and is equivalent to the unified structure. 
[0082] Thus, the attachment component prepared in the outside of a reflecting 
layer may be connected with the both sides of the 1st and 2nd reflecting layer. In 
the piezo resonator 133 shown in drawing 30 (c), the piezoelectric device 141 
using thickness twist vibration is used. About other points, it is the same as that 
of the piezo resonator 1 shown in drawing 30 (a). 

[0083] Although the piezoelectric device which used various oscillation modes as 
an oscillating member can be used in the composite-material rocking equipment 
concerning this invention as mentioned above, it may replace with a piezoelectric 
device and an electrostrictive effect component may be used. Furthermore, not 
only electric machine joint sensing elements, such as a piezoelectric device and 
an electrostriction component, but the source of vibration which generates 
various vibration can be used as an oscillating member of the composite-material 
rocking equipment concerning this invention. 

[0084] Moreover, in this invention, the connection relation between an oscillating 
member, a reflecting layer, and an attachment component is not limited to each 
example and modification which were mentioned above. For example, as shown 



in drawing 31 (a), (b), (c), and drawing 32 , the composite-material rocking 
equipment using two or more oscillating members can also be constituted. 
[0085] In the composite-material rocking equipment shown in drawing 31 (a), the 
1st and 2nd oscillating member 151,152 is connected through the reflecting layer 
153, and the reflecting layer 154,155 and the attachment component 156,157 are 
connected with each outside of the 1st and 2nd oscillating member 151,152. 
Here, a reflecting layer 155,156 constitutes the 1st and 2nd reflecting layer in this 
invention, and the attachment component 156,157 constitutes the 1st and 2nd 
attachment component in this invention. And the structure which the 1st and 2nd 
oscillating member 151,152 has connected by the reflecting layer 153 can be 
grasped as one oscillating member of the composite-material rocking equipment 
in this invention. Moreover, since the 1st and 2nd oscillating member 151,152 is 
connected through the reflecting layer 153, vibration spread from the 1st 
oscillating member to the reflecting layer 153 side is reflected by the interface of 
a reflecting layer 153 and the 2nd oscillating member 152, and vibration spread 
from the oscillating member 152 to the reflecting layer 153 side is conversely 
reflected by the interface of a reflecting layer 153 and the 1st oscillating member 
151. 

[0086] In the composite-material rocking equipment shown in drawing 31 (b), the 
1st and 2nd reflecting layer 162,163 is connected with the both sides of the 
oscillating member 161, and the attachment component 164,165 is connected 
with the outside of the 1st and 2nd reflecting layer 162,163. That is, it is the same 
structure as the 1st example so far. A different place is to connect the 3rd 
reflecting layer 166, the 2nd oscillating member 167, the 4th reflecting layer 168, 
and the 3rd attachment component 169 with the outside of the 2nd attachment 
component 165 in this sequence. Here, vibration produced in the 2nd oscillating 
member 169 is reflected according to the interface of a reflecting layer 166,168 
and an attachment component 165,169. That is, it is equivalent to the structure 
where two composite-material rocking equipment is connected, by preparing two 
composite-material rocking equipment of the 1st example, and serving as one 



attachment component of both. 

[0087] The composite-material rocking equipment 172,173 which consisted of 
composite-material rocking equipment 171 shown in drawing 32 like the 1st 
example is connected through the reflecting layer 174. 

[0088] Moreover, as shown in drawing 31 (c), reflecting layers 186 and 187 and 
an attachment component 188,189 may be connected with the pan of the 
structure which connected the reflecting layer 182,183 and the attachment 
component 184,185 with the both sides of the oscillating member 181 on the 
outside of each attachment component 184,185. 
[0089] 

[Effect of the Invention] The 1st and 2nd reflecting layer is connected with the 
both sides of an oscillating generation source in the composite-material rocking 
equipment concerning this invention. The 1st and 2nd attachment component is 
connected with the side with which the oscillating member of the 1st and 2nd 
reflecting layer is connected in the opposite side. Acoustic-impedance value Z2 
of a reflecting layer The acoustic-impedance value Z1 of an oscillating member 
and an attachment component, and Z3 Since it is made low, in the interface of a 
reflecting layer and an attachment component, vibration spread from the 
oscillating member to the reflecting layer is reflected. Therefore, it can support 
mechanically by the 1st and 2nd attachment component, without affecting the 
oscillation characteristic of an oscillating member. 

[0090] In this invention, since vibration which connected the reflecting layer and 
the attachment component as mentioned above to the above-mentioned 
oscillating member, and has been spread to the reflecting layer in the interface of 
a reflecting layer and an attachment component is reflected, it is not limited 
especially about the oscillation mode or the concrete structure of an oscillating 
member. When following, for example, using a piezo-electric oscillating 
component as an oscillating member, various oscillation modes, such as the die- 
length oscillation mode, the crookedness oscillation mode, and flare mode, can 
be used, and the composite-material rocking equipment which may be supported 



without needing the supporting structure with a complicated spring terminal etc. 
can be constituted using the oscillation mode which was not able to constitute an 
energy ****** type piezo-electricity oscillating component conventionally. 
[0091] Moreover, such the periodic-damping section is not needed in the 
composite-material rocking equipment which the piezo resonator using the 
conventional energy ****** type thickness skid mode also requires for this 
invention to having had to constitute the periodic-damping section of a 
comparatively big area. Therefore, when the oscillation mode is used, compared 
with the piezo-electric oscillating component of the conventional energy ****** 
type, a smaller piezo resonator and a piezo-electric filter can be offered by using 
this invention. 

[0092] The acoustic-impedance ratio Z2 / Z1 Composite-material rocking 
equipment can be supported in an attachment component, without having most 
effects on the oscillation characteristic in an oscillating member, in being 0.2 or 
less, and it is the acoustic-impedance ratio Z2 / Z3 similarly. Also when it is 0.2 or 
less, even if it supports mechanically by the attachment component, it can be 
made still smaller than the oscillation characteristic of an oscillating member. 
[0093] With the side with which the 1st and 2nd reflecting layer of the 1st and/or 
the 2nd attachment component is connected, when the 3rd reflecting layer, the 
2nd oscillating member, the 4th reflecting layer, and the 3rd attachment 
component are connected with the opposite side in this sequence, according to 
this invention, the filter using two oscillating members etc. can be constituted 
easily. Moreover, it also sets to the composite-material rocking equipment with 
which the 1st attachment component, the 1st reflecting layer, the 1st oscillating 
member, the 2nd reflecting layer, the 2nd oscillating member, the 3rd reflecting 
layer, and the 2nd attachment component are connected in this sequence. Since 
it can support mechanically by the 1st and 2nd attachment component, without 
affecting the oscillation characteristic of the 1st and 2nd oscillating member 
according to this invention, a small piezo-electric filter, compound piezo- 
electricity resonance components, etc. using various oscillation modes can be 



offered. 

[0094] In this invention, when wavelength of vibration by which the distance from 
an interface with the oscillating member of a reflecting layer to the interface of a 
reflecting layer and an attachment component has been spread is set to lambda 
and it considers as the range of n-lambda / 4**lambda/8, the effect of the 
oscillation characteristic of the oscillating member at the time of performing 
mechanical support by the attachment component can be mitigated further. 

[Translation done.] 
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[Brief Description of the Drawings] 

[Drawing 1] (a) and (b) are the perspective view and drawing of longitudinal 
section showing the piezo resonator as composite-material rocking equipment 
concerning the 1st example of this invention. 

[Drawing 2] Typical drawing of longitudinal section showing the displacement 
distribution analyzed with the finite element method of a piezo resonator shown 
in drawing 1 . 

[Drawing 3] The perspective view showing the condition of having mounted the 
piezo resonator concerning the 1st example in the mounting substrate. 



[Drawing 4] Drawing showing the resonance characteristic before mounting in the 
mounting substrate of the piezo resonator concerning the 1st example. 
[Drawing 5] Drawing showing the resonance characteristic after mounting in the 
mounting substrate of the piezo resonator concerning the 1st example. 
[Drawing 6] The outline block diagram of the composite-material rocking 
equipment concerning this invention. 

[Drawing 7] The acoustic-impedance ratio Z2 / Z1 in the piezo resonator of the 
1st example Drawing showing relation with resonance frequency rate of change. 
[Drawing 8] The acoustic-impedance ratio Z2 / Z1 in the piezo resonator of the 
1st example Drawing showing relation with fractional-bandwidth rate of change. 
[Drawing 9] The acoustic-impedance ratio Z2 / Z3 in the piezo resonator of the 
1st example Drawing showing relation with resonance frequency rate of change. 
[Drawing 10] The acoustic-impedance ratio Z2 / Z3 in the piezo resonator of the 
1st example Drawing showing relation with fractional-bandwidth rate of change. 
[Drawing 11] Drawing showing the relation of the dimension and resonator 
frequency rate of change which meet in the die-length direction of the piezo 
resonator of the reflecting layer at the time of using the reflecting layer of various 
acoustic impedances. 

[Drawing 12] Drawing showing the relation of the dimension and fractional- 
bandwidth rate of change which meet in the die-length direction of the piezo 
resonator of the reflecting layer at the time of using the reflecting layer of various 
acoustic impedances. 

[Drawing 13] Drawing showing the frequency rate of change at the time of 
changing the dimension which meets in the thickness of a reflecting layer, i.e., 
the die-length direction of a piezo resonator. 

[Drawing 14] Drawing showing the fractional-bandwidth rate of change at the 
time of changing the dimension which meets in the thickness of a reflecting layer, 
i.e., the die-length direction of a piezo resonator. 

[Drawing 15] (a) and (b) are the perspective view of the piezo resonator as the 
2nd example of this invention, and partial notching cross-section drawing of 



longitudinal section. 

[Drawing 16] The perspective view showing the condition of having mounted the 
piezo resonator of the 2nd example on the mounting substrate. 
[Drawing 17] Drawing showing the resonance characteristic of the condition 
before mounting the piezo resonator of the 2nd example in a mounting substrate. 
[Drawing 18] Drawing showing the resonance characteristic of the condition after 
mounting the piezo resonator of the 2nd example in a mounting substrate. 
[Drawing 19] The decomposition perspective view for explaining the application 
as filter components using two piezo resonators. 

[Drawing 20] The perspective view showing the piezo resonator using the 
thickness skid mode as the 3rd example of the composite-material rocking 
equipment concerning this invention. 

[Drawing 21] The perspective view showing the condition of having mounted the 

piezo resonator of the 3rd example in the mounting substrate. 

[Drawing 22] Drawing showing the resonance characteristic in the condition of 

having mounted the piezo resonator of the 3rd example in the mounting 

substrate. 

[Drawing 23] The schematic-drawing-sectional view showing the piezo resonator 
using the thickness longitudinal oscillation as a modification of the composite- 
material rocking equipment of this invention. 

[Drawing 24] The schematic-drawing-sectional view for explaining the piezo 
resonator using the thickness longitudinal-oscillation mode of the laminating mold 
as other modifications of the composite-material rocking equipment concerning 
this invention. 

[Drawing 25] (a) - (c) is the schematic-drawing-sectional view showing each 
modification of the piezo resonator using the die-length mode constituted 
according to this invention. 

[Drawing 26] Drawing showing the displacement distribution analyzed by the 
Arimoto element method of a configuration of having arranged the reflecting layer 
in the direction which intersects perpendicularly in this invention to the direction 



of the propagation of vibration of the piezoelectric device using die-length mode. 
[Drawing 27] (a) and (b) are the schematic-drawing-sectional view showing each 
modification of the piezo resonator which comes to connect a reflecting layer and 
an attachment component with the both sides of a piezoelectric device which are 
constituted according to this invention and used thickness longitudinal oscillation. 
[Drawing 28] The schematic-drawing-sectional view of the piezo resonator which 
has the piezoelectric device which is composite-material rocking equipment 
constituted according to this invention, and used thickness torsion mode as an 
oscillating member. 

[Drawing 29] It is the top view showing the surface wave resonator as other 
modifications of the composite-material rocking equipment concerning this 
invention. 

[Drawing 30] (a) - (c) is the schematic-drawing-sectional view showing each 
piezo resonator using the thickness skid mode as a modification of the 
composite-material rocking equipment concerning this invention. 
[Drawing 31] (a) - (c) is the outline block diagram of the composite-material 
rocking equipment concerning this invention, and shows the modification of the 
composite-material rocking equipment which has the 1st and 2nd oscillating 
member, respectively. 

[Drawing 32] The 1st, the outline block diagram showing other examples of the 
composite-material rocking equipment concerning this invention which has the 
2nd oscillating member. 

[Drawing 33] Schematic-drawing-partial notching drawing of longitudinal section 
for explaining the condition of having mounted the conventional energy ****** 
type piezo resonator on the substrate. 

[Drawing 34] Drawing of longitudinal section showing an example of the 
conventional bulk mold acoustic wave filter. 
[Description of Notations] 

1 - Piezo resonator (composite-material rocking equipment) 

2 - Piezoelectric device 



3 4- The 1st and 2nd reflecting layer 

5 6- The 1st and 2nd attachment component 

7 8- Excitation electrode 

9 10 -- Terminal electrode 

31 -- Piezo resonator (composite-material rocking equipment) 

32 -- Piezoelectric device (composite-material rocking equipment) 

33 34 -- The 1st and 2nd reflecting layer 

35 36 -- The 1st and 2nd attachment component 

61 -- Piezo resonator (composite-material rocking equipment) 

62 - Piezoelectric device 
65 66 - Reflecting layer 

67 68 -- Attachment component 

81 - Piezo resonator 

82 - Piezoelectric device 
85 86 -- Reflecting layer 

87 88 -- Attachment component 

91 - Piezo resonator 

92 - Piezoelectric device 
101-103 -- Piezo resonator 
104 -- Piezoelectric device 
105,106 -- Reflecting layer 
107,108 ~ Attachment component 
111,112- Piezo resonator 
111a, 1 12a -- Piezoelectric device 
1 13 -- Piezo resonator 

1 13a ~ Piezoelectric device 

115,116 -- Reflecting layer 

1 17,1 18 - Attachment component 

121 -- Surface wave resonator 

122 -- Piezo-electric plate 



125,126 -- Reflecting layer 

127,128 ~ Attachment component 

151,152 - Oscillating member 

153 -- Reflecting layer 

154,155 -- Reflecting layer 

156,157 - Attachment component 

161 -- 1st oscillating member 

162,163 -- The 1st and 2nd reflecting layer 

164,165 -- The 1st and 2nd attachment component 

166 -- Reflecting layer 

167 -- Oscillating member 

168 -- Reflecting layer 

169 -- Attachment component 

171 -- Composite-material rocking equipment 
172,173 -- Composite-material rocking equipment 
174 -- Reflecting layer 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 
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tU4. MStJ13, 4(T)^mA yv-¥yxz 2 tfSMM 
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M5, svyWMW—yyxZi iOiffivvtofc, K 

MM 3, 4b\mU®5, 6fc£>#fflA, BfcBUTJI 

[oo3o] *jshbb#^(4. hhsst i <7>*sftfcue 
j±mftSTitfcfti>j±ms;T2, rwm3, 4a 

1, m2(VKMM3, 4<?mm4>\Z—?yxZ t 

ji^ist 2 y t >x z ! atpfiataw 5 , 

eeyWSM ye-mz 3 i o fc/jvg <-«uf , _fcjs 

sifew t i^awx^snw 5 , 6 ^j±mnT 2frt>em 

04&V0 5 tool fW^HS^Jta^'v ^Tl£ 
KM"*. 

[ o o 3 1 ] 04 (±, Tiaottsram^iiT i 
iHyh-^>x-««ftt^*t t 04 &tx 

05«tt&VlifflCONE + On(i, NX 10" T&£ 
£i:£iSU WitflE + 02(il X 1 0 2 
[0 0 3 2] ffit£»10tt« 
CDj±l;*^ L 2-'- : tS^yb 0 -^>XZ 1 =3. 4X10 

?kg/ (m 2 ■ s ) t^^f^yiHlH:5S7^x(; 

iOffifiL £3^S;Li =4 1 2mm, £imH5. 4 
MHZ 

<2>KMM3, 4---^WJ >t°-?yXZ 2 =1. 8 7X 
1 0 6 k g/ (m 2 ■ s ) CDX^Mtffltt i DfffiL £ 
§^fi£L 2 =0. 07mm 

®f*MW5, 6---wmyb-ry-xz 3 =3. 4X 

1 O^kg/ (m 2 ■ s ) cDf-^yHSS^-fe^S 
l 1 )!! ^$^tffiL 3 =300mm 
£iy J±€SST l£J3lt&11;£ri*Pf&i±2 5 0mm, 
Jg&ii2 0 Ommt tfc. 

[0033] it, TfEffit^fB 1 1 £03 t^rf J: 3 

tssa lcsifflitMi 2^ffluTfs^L, SSL 
^, w€ttff*fm 2izimmz£y)^ mum 

to^r B ^ ws-r s i a t«Kfs*f j 1 2 1 i 

[00 34]^, mmmmm 1 2 « , TiESTmffi 

9, 1 OfcSKl lTOtSl 3, 1 4 fcSrg^-LTfc 

0 . JimiiT 2 Rumm 3 , a ammmmm 1 2 

[ 0 0 3 5 ] as 1 1 fci^fut&OfETO&f 1 <n 
M»frlt£05fc^ o 05t;fc^Ti, WMy 

[ 0 0 3 6 ] 04 tms *}tmttLimt>fr% <t a 
j±h*st 1 , mm 1 1 tiasstL 



5, 6izt3v^mmm^mmLtzt ut, j±mifiT2 

[00 37] 01 -i5i^BJ3W^± 3^, 

3, 4£im. mm 3, 4m\mz{mmtts, 6& 

6 [z x fc , ^mmzimm^mmmm 

1 & t> cvmmtiHm^tih i a t^itJi 22, 2 3 tm 

^tiXH 0 , ISRItJl 2 2,2 3 ^HBItffifiraSW2 

4, 2 5^^tfcfil3ttffli-rS. -0*1^, ±fE« 

1 5 tMWJl 2 2 , 2 3«ii^fyb"-^yxz 2 £„ 

wmm2i<7ym4>v-y>AZi mf\mmm2 

4, 2 sto^g-f yh°-^'yxz 3 iOfc/jMS< , tSi 

tttUS^4-tl>C:t^<fmg|5W24, 2 5ttSVvC 
^W4fi»gS2 0 JiW^SSLtl^ . 
[0038] t^hh, ±IBHItMT1±, jgftiS^fc L 
TJ±*«^2^fflV^^\ *ffiHHtfeV^(i, 

2 1,K«*2 2, 2 3&tf«ftat*f24, 2 5^y 

h-^y^fiZj -z 3 r B 1t±IEM«it$ti#l>Pfi 

viMBmrntmiz, ma 2 2, 2 3 1 , ffi^w 
24, 25 b&Rwizti^zimix^tznmzmiz 

[ 0 0 3 9 ] tfi. mm2 2,2 3 &ffifi£t-|>«ft& 

wmmt 24,25 ^flifig-t -s wftto^T i mzm 

[0040] *|I^0fl^^(i, ilBJim^S^ 1 tfc^ 
1 Oft®JlI&a&^iifg<7)#^^^^iISL/-^ ism 

& 0 7 mm 8 iz^t „ ^ ; -cii , jimsi 1 2 £ fiifig-r 
s * 9 s v 9 xRumm 3 , 4 ^ s^-r s ytf 

J:bZ 2 /Zi ^a^M^^^r, ftSJ^ 

m^t* (%) avjfc»«SEfl:* (%) £M5tL^ 0 
[004 1 ] 07SW08^^0J!t^at, ^#-^y 
b°-^"yxj:tz 2 /Zi j& j 0. 2 BIT, ifiL<0. 1 
BTtfe^T, ftSJU^it^t^'O. 2%iilTfc# 
»t/hS<0. liilTT"(±, 0. 0 1%BTtffiV^t 

b-ry^JtZ 2 /Z x &0. 2BTT"-1 5%BT, 
0. li;j.TX--8%&Tt%Z>z\ttfhfr$>„ 
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[0 04 2] m~?x, MtKli^WJ yb-^>xit 
Z 2 /Zj (i, 0. J; 1 9iftL<ao. 1UTF 

6£«)£f-|>*m£ll&^ »fye- 
yyxitz 2 /z 3 £«*H&^ ^fH;J±H*iff 
i^m^im^* (%) s^itws (%) 
Lfc. l£H£H9Mai ot^rt. 
[0 04 3] M9RUMI Ofrt>mt>fr%:£dlZ. 
^yt°-^yx£bz 2 /z 3 £0. 2iiiTb~thz\bl l z 

«t o , Rm&m&o . 2 %mr, jfcg«n#- 1% 

T, ttfftSIB* - 6 %&Ti: U#S £ t . X r> 

T, ^myt-^"yxjtz 2 /z 3 li, ff4L<li, 
0. 2iilT, 4tD#tL<i±0. lOTfcSftS. 
[0 044] it. #myt°-yyxjtz 2 /z : £ 

Mts , j±ms» i co^mmmmmtk^im 

imZMmLK, fSS^Hl l&V'Hl 2£^cf. Hi 
latXHl 2£i3Vvtfi, Slfll 3 , 4£ft)£-f|>*ffl 

[ 0 0 4 5 ] , 011 1 2 ^fcttSDSttii, 
£1**3, 4<^S*|6Ttffi (J±«5tt»l<7)^£:tf|H] 

[0046] Hi lRtmi 2frt>We>fr%£ol£. # 
W4yt°~y>xttz z /z x 3&*§6t/h$< 1/32 
UTF, i: 0 »i L < fi 1 / 6 4 JilW^ MftJi 3 . 

ioT, #iL<(i, Z 2 /Zj £l/3 2lil 
T\ =t Dffi L<(il/64lilTfct-§-fcfci: 1 ^ R 

[0047] mm 1 23&»tHHt*«5r 

ioKZj /Zj cD\m^frMzmht>~f, KMM3, 
4 c^if § A /A RU^t CDj&m^^lZii. ffim* 

®^ i mmmimmfimwmimmm^A^ 

[0048] it, ±limm3 , 4e>B&bfffik£&, 

\ mmtmrnm m t <om® z , mm 3, 4 an*) 

fc^mMzbti'OWVZ.. l£H£Hl 3RUl4l l Z^tl 
^iiZ^-f. m-oX, Hi l-^l4frt>tyt>ip&£o 

K*L<a. mm3, A^mmtn ■ a/4+ 
(a/8) (nimm) nmmtzti. imti< 



[0049] HI 5 (a) , (b) Ji. *|£BJt0g| 2 10 

wmxf^mxmmmmxhh „ j±toi^3 

Xb'j7 Tlfcfc S V ^(iftSttOffi*^ 3 2 1, . 
J±m^3 2(±. £$*-h*<Z>6fg&£*MU:JEEm^ 

^•cfcs. *§wj^j±m*»3 ia. j±€S^2^ 
[0050] i±€S^ 3 2 a. *susMT(i. y 

tr-^yxf!2. 6xl0^kg/(m 2 - s)£?)f^y 

[00 5 1 ] HWkJ-3 2X\i. MZ^-v^eimz 

facommmm 3 2 a - 3 2 f ^M^ixT wv ^ 
Bfim«3 2 a- 2 3 f r H i^5S^j±mii^# 

«t 0 iJ«€S3 2 a-3 2fMHtffit 

a>oj±m£»3 2toMffi^r&]W4Ki--i» i 5 tffM 

[0052] IJimS 32a, 32c, 32e tH^W 

i 3 mv&3 7 tfi£mm?3 1 ^ 

^•*ffi3 8^'ffM§iXTfc 0 , illg1Bffi3 2 b , 3 2 
d, 3 2 f Ctt$WK8Si3;h.T^4. 
[00 53 ] ^rfe. illimffi32b, 3 2d, 3 2 f i; 
Sf«^3 7ti0«^Wffi^^HI>^46t, il®«®3 
2b, 3 2 d , 3 2 f £>_B!fc:U\ *fe»[4WS3 9 a- 
3 9c ^ h . , fflSmS 3 2 a , 3 

2c, 3 2 e t SifiB^ft 3 8 t ^fE^W«S»*ftfc'tfc 

ft mmmm 32a, 32c, 32e oTSttties 
&W43 9 d-3 9 f mm$tix^t, 

[0 0 54] mm3 3, 3 4\i, WMM'f- 3 2 

iffammizimztixm , yb-^"y^jtz 2 

/Zj =l/16^^Sx^yfi^;j;0«§tiT 
[00 5 5 ] Mtt*3 3 , 34m-{^m±., 

-^'yxjtz 2 /z 3 =i/i6£%&i-9yWJ)V-3 

5 -/^X^^^c2>ffiftgPW3 5 , 3 6^'31 

[0056]^, S^m«3 7 , 3 8!±. JimftS^ 
3 l<7)M^L^dSH. ^fc^fmgP«3 5, 3 6(7) 
WIM3 5a, 36atISJ:9tJFM$iitl^, 
I i> . Rftfif 3 3,34 SW'fmgPW 3 
5,36 WflllBffflJ^Ktiffittfli^ 3 2 b k § V ^ 

2: 

[0057] m2^mmmx o iz. mmmttt lx<?> 
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6 t^-r i o iz , jim^fB 1 3 1 ^n^as4 1 _ht^ 

Httf#*M4 2 , 4 3 SrfflWt, gf£ ■ HSgbfc&tfW 
y t° — y y 7. - MI^M^ttS. VYiffl - MI$?M*tt £ H l 

[0 0 58] Hi 7&VH1 S^Jt^^Jf^&J;? 

stir (^^%j±mft®^3 unao 

[0 0 5 9] Slot, l2©litMtii^T«. < ffi^S 
W3 5 , 3 6Cfc^T, J±m*»3 1 *SWCSS 

Lst t lt i , mmm^ 3 2 osstf t* ui t ^ ^# 

[0 0 60] Hi 9 t^ft?f4llHT-*-fi: 0 

nfioj±m£» 3 1 mmmmm 51, 5 2 

tint, ^aSE5 3±t^ltT«>J:^. HI 9fc 

tit. 2^s.m^m-3 immsmsmt. mmm 
m 5 3 1«§ tifzmw^ y 5 4 a - 5 a d t ± 

OUfcSftS. ifc, l^aEE5 3±t:li, &IHf+-y 
T5 5«E$til> 0 AM^f-rvTS 5ii, £.m&M=F 
3 1,31 IrHSiU jJpofJit*-*. «fc o «e*Kf#*M 
*ffl^Tl^aHR5 3t:H£Sfi.4. Hl9fc^L£7 

mm^m^miftc < , 7 ^ *> aiffl-r s ; t #t 

[0 0 6 1 ]@20(1 *^Bjc?)^3olUfii9Jt«SE 
mftS^^^MIIHT-fel» 0 J±m*S^6 Hi. 

^0^-K&fijfflL^j±m»^6 2^*t-s o j±m« 

^6 2(2, %gm.M"Cl*. ]±m*7$v MS. 
ffM^Off^^fL. ±Hfclj!»I6 3#\ THfcJSr 
®€S6 4^M$ilT^I> 0 J±m«^6 2!2, -^COJI 
S7j^It^S^aS^T^I> 0 1KS6 3, 6 4^ 
3csftmJ±£ EKSirt h Z. k £ i 0 , J±€«^ 6 2 

[ 0 0 6 2 ] , fi£*t0J¥^-f < 0 F SrfiJffl Ltz 

^i^-mt&fomcDsm&m- 2 01 (H3 3# 
m) tim^'o. s.mm=F-6 2xn. ±m%xrm<7)£ 
m^zMmmmes, 64tm^ivz^i. i^t, j± 

[0063] t o 1 1 , mmm^-e 2 co^^mmz 
n.mi <rmm t mwdzmm 6 5,66 &tm&& 

#6 7, 6 8^illS§^lTUl> 0 KI1M6 5, 6 



6 fDlf^ "f ^t^ffi^lS^ 6 2 t fitfWf 6 7,68 

k *m&fa<?rtmi . isMLx % tzwm<vmm a i 

Lfcfc#tftA/4fc$^TV^. fit, ft}»36 
3, 6 4 Ji, 4^1*6 9, 7 0 taSatfLTV^S. % 
^m®7 0, 6 9ii. J±mftS^6 2y)SH. *t%hh 
M3#6 7, 6 8^HISH6 7a, 6 8afcMS«fc 

[0064] *»4M^J±€*S^ 6 1 T"«. J±€S^ 
6 2«. x^;^-ffltiiftMT"«^^*\ 

5, 6 6&v«^«6 7, 6 8&micmtmtmn 

fvMMZi k. KMM6 5 , 6 b^mA yh-^'y 
xffiz 2 t.ffiSgEW6 7, 6 8to^#^yt-^"yx 
m z 3 ^ i comm t r# tstrnT v ^ ^ #> , jii: 
«^ 6 2^^^§77^tfefSL/iS»)a. mme 5 , 

6 6 k ffif#SPW6 7 , 6 8^ffiT-MIt£*l£ . «^ 
T . m 1 tOUMM R]#tfmi5W 67, 6 8 1 i "9 » 
Mfl^^S^ i: LT fc . J±m^^ 6 2 

mm ifz^xfo o t i, , *^sj^f (jffl-r s ; 1 1 i 

ijffl L^E«ft»<7)/J«&H-l. ^ k tfX°% I . 
[006 5] -t=5r*)fe, Rlt*6 5, 6 6<0Jf»(^jg 
6 l^S^ftti&a^-ifc) (iA/4^fj;i^ft, 
fi£5fe^x*;Wf-ffl t3^M<7)i±«S^2 0 1 <7) X 5 

[00 66 ] *^tfeMy))i€*®i 1 6 1 OjH^Mftt. 

mv^H2 1 t^-r «£ 5 t^a^7 1 jitjimftSi 1 

6 1 «f IJ 7 2, 7 3 & fflV ^X mm LtztfMcD 

mmm>mi. MkLk^h^^tz. H2 2«i 

#tt^L. H2 2xnm^&M7 1 tug^ii^f^ 
ztix^ztf. mrnm^mn hut a, k'^t h 

t-f ijffl f & mm ifchoKzmt*?. 

nt Lx^KVMT^mm^-nm^m^m:\\ 
[oo67]H23(i, ^wmzmm^mmwmw 
k Lx^Km^m^mifm^tmmmmmmxh 

B2 3£^Ud±€*Sr?8 \XM, W^ffiSiJ)^ 

f m Ltz^muwMmm^-s 2 tm^Kx v \& „ j± 

8 2 y)±HSWTHt(±. H35f 8 2 ^^-LT 
M^SJ:3tMlS€S8 3, 8 4#J#Jic$*rO^. 
J±mS^8 2 <7)±ffi&VTffit«i:, Kit* 8 5 , 8 6 Sr 
^-LTf*^gPWfcLT^b^Sv^S8 7, 8 8*ntB 
§tLT^I> 0 ifc. ®SmS8 3, 8 4t€MWtfSM 
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£il!> 4^1188 9,90 ■h^tl^tlBWm^ 8 1 <5D 

[0 0 68] J±mS^8 20J;5t, J¥^S$fltrt-K 

^TiJ;^ 0 it, J±m£»8 1<t)J; 3fc£E»?8 
2^±_TIZKMM8 3, 8 4RUimmm8 7 , 8 8£ 

[0069] $ £>fc. 02 4 fc^£«3*jIT9 1 <Z>«£ 

f9 2ll ffllimS93, 9 4(din;tT. j±1*?9 2 
ftfcffij&$tltftgE€S9 5, 9 6£^r$-£. ftoT, 

jf^«f»iri»f ra l tffitSH 1 9 2 j&«§ix 

St. KWM8 3 , 8 4 8 7 , 8 8 

[ o o 7 o ] st, xmiizm&m&tfmmmwiz 
mm b , ^Jitifctta^sfiM* ca 

[0 0 7 1 ] -f^fc^. 02 5 ( a ) - ( c ) tijrffE 
mim^l 0 1-10 3C0£ otC, 3ri6jAfc3riajBfcj&* 

TfTti 0 . *r&i b tannic #it££tis i 3 tuns 

tlX^XhX^\ 02 5 (a) - (c) te. Vvf 

101a, 101b, 101c *;fv?*U H^<7)^EP* 
WzftWEMZtlX^l. it, 104a(iRlfI, 1 

[0072] -tttfoh. ^mza^xit. mmmmz 
unmmimumzMLxmmzmm^mtxh 

f/rLtl£H£02 6fc^t\ 02 6 Til fWtttL 
T, h«M yb-ryxfiZj #3. oxio'kg/ 

( m 2 ■ s) ^ffi-fe^S'y^^ 1 ), £31^ # 
0. 9 8mm, ^M^WMifr2MH zXfo&^^- 
VZMRltzSMmi' 1 0 6#fltfi£$*rO^>. £<Z)£E 

mm^- 1 0 6tofiffit, -r&fc^ mmm=f-i oecom 
mmtm^zMLxu^i-^Hzmm 101, 10 

8j&*IJS3;h.T^S. mm 1 0 7, 1 0811 
yb°-ryxffiZ 2 36*1 . 8 7X 1 0 6 kg/ (m 2 ■ 
s ) , Jf^. ( ffitSl 1 1 0 6 bUMM 1 0 7, 1 0 8 k 

^mt^mm 107, 10 ^Kmwm^zm^ 

9, 1 1 oil fNM yb°-^"yxz 3 =3. 0x10 
7 kg/(ra ! - s ) ^^yS^nygggSMr^s v 
9Z.frt>% 0 , ±fERftfif 1 0 7, 1 08 \<zm&%ilX 

[0073] m2 6frt>mt>fr%£oiz, smimTi 
ostfe^Tt. ffiMPWi 09,11 o^ist^n 



Tiiv\ CitfXto&fflJl fMLt02 5 (a)- 
( c ) iZ^LtzSMJtm- 10 1-10 3 tfcUTHil 

[0 0 74] it. 02 7 (a) , (b ) IzWmtlMz^ 
~t£M£;M=Fl 11, 1 1 20>± "St. JJ^SMrt- 
^fflfflL^fftlf 111a, 112 a^iifeK 

fflfcRftfJf 1 1 3 , 1 14£IIgLTi>J:V\ 0 
2 7(b) fc^-f J±€H^ 1 1 2 aiiftgtf^S^^Tf £ 

f l tz jmmm^ xh h . 
[ 0 0 7 5 ] 02 7 ( a ) , (b ) xi±, mMmthz 
n%Lfzi±nm=r 1 1 1 a, 112 a^ifflt. urnis 

fllla, 11 2 a£fctt4fa»fiK»#fofciI3irt4 
^fflKMttJI 1 13,1 14*lEgSilT^|.. St, 
R&f Jf 113, 114 111a, 1 1 2 a fc 

m&zux^&mtemmcomiz. immmi 15, 
1 1 6tf%mztix^&. 

[ 0 0 7 6 ] § fet, *i^^i,#i^w4MI«t 

(1 02 8^t-J±«ftffi^l 1 7«Oiot, 

n-?i 1 7xa, mmm^i 1 7 a^flii^^-cv^s. 

J±fl:*^l 17a(l ffitt-b^S >y^^(7)H±fflt;ffli 
«SI118, 1 1 9£^j£Ltft3i£#U 02 8^*3 

€«^l 1 7a(l )¥^SftSi^-K£f[JfflLtJ±tt 

ik-*i>. ^^j±€^i 1 7 acommzmmi 1 

3,114 S.WmgPW 115, 116 tm^itx^ 
[ 0 0 7 7 ] 02 5-02 8&y'fJB£<7)03 0(a)- 

(c) so^BB^^iat, immz&\ix, wmun 
emwrnmifa t , mmmmzn itmmmmm t , 

z t frxt? , \ vftw^z i , ±j& l tzwm y b- 

^■yxZi -z 3 ^'JilB#SoM«^Stt-pSO. mi 

<?mm t mmiz . i±mmT?mMmmz&m$-t h 
c\t%<. mmiz^xim&M^mmmzim 

I 0 0 7 8 ] it. ff«S6*S:*0fflLtflfif) 
^'T'i S . 0 2 9 (i, *^0flt« 

m4^»feMi: Lx^mm^m^^t^mmxh 
mm&mei- 1 2 lt-a. «bs«oj±€s«i 2 

2±t, HI, m20~)A y9-f=J9}lY=>yxf^~ 

t-(iDT) 123, 1 2 A^mmmiM^n^ziiv^ 
xmx^tixim^tix^i, ^lt. j±€K12 2^ 
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mmmmiifommz^ mi , %mumm 125,1 
2 6 m^ztix a 0 , mm 125, 126 <mtiN,z 

■fe^S -ytMfr^&immmi 2 7, 1 2 8^"jlS§ 
ilTU|, 0 iiTJi, £E«R1 2 2<9#BK 

xflZj , RifJl 125,1 2 6o#m yt-^'yx 
ffiz 2 jmW&Wti 127, 12 8<^NS>f yb-^y 
xz 3 ^mi^MMt[^«tSK§ixTi^<7)T\ R 
MM1 2 5, 1 2 6<7)ffi}#gB*fl 2 7, 1 2 8fc<P0^-H 

[ 0 0 7 9 ] 03 0 (a)-(c) £itft£M£J&? 1 
3 1-1 3 3(4, ^iim, il«»ltlK^A 

[0080] ffit^lii 1 1 3 1 T14, if^-f^ 0 H 

mm Ltz^mmj- 1 3 4 bti-c v ^ . ; <r t- 
(±, j±«*^i 3 4{±, w*<?fcmimzftwmzti 
xt5 0 , asms 135, 1 3 6 £ w l , niJM^ft 

A(4ffl®tt®^T&^H&&#, Sit=5rJ«*fc*S 
tcot^O, JEE«*fl 3 4ttJ{tSfg»St*-|SFB{i 
JM«®13 5, 1 3 6 fcYffSrJSffofcSfi.'n^. £ 
tliZtflXKMMl 3 7, 1 3 8(4, ffWff 1 3 4?) 

THtaisstiT^ 0 , mom 137, 13 sttsjt 

tlt£§trO^ 0 (SftgWl 3 9a, 13 9b(4, R 
1**137, 1 38c?)J±ttf|^l 3 4titlSSflTV^ 

[0081103 0 (b) T"(4, ffiftiW 1 4 0 
&*rCfc 0 , HffiftSfW 1 4 0(403 0 ( a ) ^ffif^gl? 
Wl3 9a, 1 3 9b£3H£U -MiLfcflBifcffla 

[0082] <roj:-5C MMH^HIt^ft^tLSffi 

mmi*. mi, m2commmxn^zm^fixv^x 

i> 03 0 ( c ) t^-f jih^h-? 1 3 3T1±f* 

fMi&^rauciimig^ 1 4 l^fflv^ntv^. 
-e<ofi!i<ojfitov^T(i, 030 (a) ^ZTjkLtzmm^m 
^ikmwxfo&» 

£M§IMT''t4, SftMfcLT, 8*2:1111^- b*£ 

[0 0 84] ttz. xmuz&^x. mmmvi, mm 

mtzvmzti^w mm. 031 (a) , <b> , 
( c ) m/03 2 iz^tj: 0 iz. Mm?mmmmm^ 



[OO85]031 (a) t;^^W|KM§IMT" 
(4. mi , m2tO«|)ji5Wl 5 1,15 2#ElfJl 1 5 

3£^LT»gi^TfcD, mi , m2commmmi 5 
1,152 ^^mitBtftfJi 154, 155 Rmmu 

Ml 5 6, 1 5 7^'5ilS§tlT^I> 0 ^T14, fxMM 

155, 15 6^*^tfc(ti»mi , m2comm^ 
sjasu immi 56,1 5 7tf*miizt5ft&m 

1, iS2wfia*attr*fl!istTv^. ^lt, m, m 
2 i5i, 152 ftmm 1 5 3 tus ix 
^mm. *miizt5ft&m£t&®mmm<oi^><7) 
mm®tymt%>z\tii i x*%%>« ttz. mi, m2<^ 
m»m® i5i, 1 5 2(4, mm 1 5 3 &^LT}i$g 

3*UO^<9t\ mitOSIIJgEm^RItJil 5 31C 
feML^KiJi4. Mltil 1 5 3 fcm2^)SKlgP«l 5 2 

1 5 3fflati£jiLfcii»t±, MitJi 1 5 3 1 m 1 tOSft 

Mtf 1 5 1 fc 0>#ffiT5clf . 
[ 0 0 8 6 ] 03 1 ( b ) ^t-^WfMISET-' 
(4. »SPW1 6 l^ffifflfcffil , S52C!)KltJil 6 

2, 1 6 3^*g§^LT*J0, HI , IS2(?3KftfJil 6 
2,163 tO^KItffi^ft 1 64, 1 6 5 j^jfigS^ 

mrnxfoz, m%&tz\b\i, i2«wi 6 5^ 
^hic m 3 <?>KftfJi 1 6 6 , m 2 16 7, 
m4<r>mm 1 6 s , 3 coommt 1 e 9 <o 

lilgPW 1 6 9 t'i tfciHft* 1 . EH* 1 6 6, 1 6 8 b 

{mm® 165, i6 9bmm\,zk*)&mti&» -t 
M^mmmmwfm^Kxummzmm& . 

[ 0 0 8 7 ] 0 3 2 t^^«SS»J^E 1 7 1 T" 
(4, ®l^»feMi:^]#tLT^§^^W4» 

^172, 1 i3tK mmi lA^Lxm&zti 
[ 0 0 s s ] ttz, 03 1 ( c ) nztfti. ? Hz. m$m 

m 1 8 1 tOMffl MM!*! 18 2, 183 &V'f*!f iiW 1 

8 4, 185 Ltzwwcoz a> iz&immm 1 s 

4 , 1 8 5^hlJt, 18 6, 187, ffiMKW 

188, 1 89*it|gfCfcJ:^. 
[0089 ] 

i^mmm ^mmz\mm^mmwmm.xn. m 
mfc&mnmfflizm i,%2 ^mmmm ^tixa 
d,$i,I2 commcomtmmmt^tix \, * s ti 

(4RMfi«cm 1 , H 2 OfmgPW^'51IS§ tiTfc o , 
mt<nw*4ye~yyxmzi , z 3 4 l 9tffi<Six 
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i , si 2 mm>mz x o a^wtsftts - 1 

s. 

[0 0 90] JifaiUftSWt^LTKItii 

inx, mmw^emm^-^Mfamimmz^x 

* - b- , o mm* %wm*~ b- £f ra-t & - 

[0 0 9 1 ] Jfc, ^*^x^df-fflt3i^SW^-r 

mmemmmmm *wfc l & war* 6 w^^^ts 

i^J±«7 4 ffi-f S - tfTS 5 « 

[0 0 9 2] WS-O-b-^'yxibZj /Zi sfi^O. 2 

* * js t x, ^4* s ; t * < mmmmmmztom 
yyx&Zt /z 3 *»o. 2iiiT<7)^tt. 

<0 i 0 -Jf/hS < "f & ; t ifiX'% £ . 

[ o o 9 3 ] m i xvy^iis? 2cofx^«osi i , 

m 2 OKIWiilS $ *rt V * S (I f: £ , SI 3 CO 

KttJl, Sl2cM6IPf, ^4c0Mlt*&^m3O«1# 

-tt z. k ffx-z h . a ^ , mi coimmtf, m 1 o&it 

ii, snto»i». H2 0KW/1. si2<o«am. 
si 3 okmmsv'H2 ofmgpw^-oji^T'iiisstL 

mi, m2comimmmmmmzmm^i6zk^ 
<.mi, m2<7)mmti l z£ mmmiz^m^z ; t 
s cot", a * - k znm uz^m^sM 

[00 94] . 50WfcO«»fc co^f 

flT^^ffitfjtO^^ Afc LfcfcS, n ■ A/4 + A/ 



[Hi] ( a ) , ( b ) a, *%bjcoh i <?mmmz\% 
m-smmwmk ix^smim^^-tmmmR 

[H2 ] h i {z^Ltzmmim^mmwmmxmm 

[H3 ] m i o»6M^i>j±€ft«^ ^^ga«^ 
^L^Fj^*-r««i0o 

[04 ] SI 1 O^MWMJ±€ftSH^gS«^ 

g-r^tffc?)«f[4^^0 o 
[05 ] mi commmmmm^m^commmmzm 

[07 ] m i cmfoMcogmmrizm&wsj vt° 
-iw. 

[08 ] si i commnmwgffi^ziimwBJ vt° 

0. 

[09 ] si i commmcoj±m^m^zmium^ yt 
-^>xjtz 2 /z 3 

[0 1 o ] si i (O^JtMoE«*^tfeit-i. : ts^ >- 
b-^>xjtz 2 /z 3 fcJtff«SK»fc^Mffi*^f 
0. 

[01 i ] mt^imjyv-yyxvmmm^tz 
=?mm&tt& k mm?*?® . 

[012] «^^#^yh-^y^cosi^Ji^fflv^ 

mmmk^mm^-tm, 

[0i 3] mmoMh.. -t^hh&nMkT^^ 

hz& o ^m^tz^tz^comfcmmmz^-f 

0o 

[014] RI^JIOW^. t-=5r^*>E€*«^OJI$* 

0o 

[015] (a) , (b) (±. *%ffi<7>m2<7)mmk 
Lx^m.^m^mmmm/m^mxmmmmmm, 
[0i6] si2<7)HjfiMoEmft»^ii^aKJit^ 

[017] m2^mmm^im^m^mmmmmm 

[018] Sl2(7)SlffeMoEmftS^&SgSS^g 
[019] 2fflC0E€ft®^^ffl^^7 ^/L-^^h L 
[02 0] *^^l>^«SS»)gMtOSl3cOSIfe 

Mi: Lxcom^t^ o =e- h *f m LtzBrnmi^TTs 
•tmm. 

[02 1 ] Sl3coSlfeMoEmftS^^SgSSt;Sg 



(ai))02-164764 (P2002-164764A) 



[02 3 ] ^mcom^mmimwcommt lxco 

[H2 4] ^^mzmm^unmmmm^m^mm 
t Lxmrnm^m^mmm^- y mm Ltzsm^m 

[02 5] (a) - (c) ii. XmUZftiXmiLZtL 
0S«H0 o 

[02 6] xmuz&^x. m^-vrnmitzsm 
m^mmffifrjjfafcttLxm&t&iifoizmmzs. 
WLtzWj&mjtmmmizx ^mw^ntz^mm^ 

[027] (a), (b ) ^mmzm^xm^ii 
xa o , w^mwmmmLtzWMM^muzmm 
Ruum^mm^tix & s. s.m^mi'^mmi 

[02 8] *^HJt^^Tffl^§il^^»4»)gm 
[02 9] *^BJt«l)1i^Wfffi«J^ac7)ftcO^M 

[030] ( a > - ( c ) (4, xmuzmmmwrn 
wmw^mmt Lxcnw^-tK 9 y m m 

J±tt*»£^M^H0» 
[03 1] ( a ) - ( c ) (±, #3&BJft;:ffi£«&*m£ 

»^«o«fs&7"n^^0T-i) , 9, **ve*u mi, m 
[03 2 ] mi. M2crmmum^h*%pmzm 
[03 3] mtcox*>],x-mii&mBmm?&m 

WW®. 

[03 4 ] fflb<?)rt)V9WWtfc7 4)V9<?)Hft&7frtm. 

wmm, 

i ■ ■ -m^m- ( mmmmmm. ) 

3, 4-Hl , ^2(DKMM 
5, 6-mi, m2<rffi&®ti 
7, 8 ■■■MM 



9, 1 O-'-Sffi^S 

3 1-J£H£» (il^ffiSMgM) 

3 2-i±mm^ (m^mmmmw) 

3 3, 3 4-S51 , M2comiM 
3 5, 3 6-S51, S?20fm§W 
6 1-J±H*» (^WSiMM) 
6 2-£E«^ 
6 5, 6 6-KltJi 
6 7, 6 

8 1-£E**HS7 
8 2-£E«^ 

8 5, 8 6--KMM 
87, 8 8-#JWf 

9 l-JUlftfB^ 
9 

10 1-10 3---J±€ft®^ 
1 0 4---J±mmi L 

1 0 5, 1 0 6-£l*Jf 
1 0 7, 1 0 8-ffiftiS*r 

in, ii 2-BK#m* 

111a, 112 a-£E*3FP 
1 1 3-E«ft«? 
1 1 3 a-fE**^ 
115, 11 

117, ii 

1 2 1-^ffijS^^ 
1 2 2-S9M 
12 5,1 

127, 1 2s-$mm 

15 1,1 5 2-jH&g&# 

1 5 3-mm 

1 54, 1 5 5-MftJI 
1 5 6,1 5 7-fiH#gP*f 

i b\-m\e>mmt 

1 6 2, 1 6 3---mi , W2Q~)mm 
1 64, 1 6 5---H1 , |!2<7)f*ftgW 
1 6 6 -Kit* 

1 6 7-ta™- 

1 6 8-RItl 

1 6 9-ffiMBtt 

1 7 1 -Jg£*flSHIi&gM 

172, 1 7 

1 7 4-5ttfJl 
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